Abstract⎯Laser-light effects on γ-activities of the 137 Cs and 134 Cs water solutions containing gold nanoparticles are investigated at laser-light intensity on the order of 10 12 W/cm 2 . The irradiation is found to reduce the radioactivities of both nuclides. Over the period of irradiation, no enhancement of the γ lines of spontaneous decays is detected. Possible mechanisms of the observed effect are discussed.
In a number of experiments, the decays of radioactive substances were found to be affected by various types of radiation with relatively low intensities of 10 10 -10 12 W/cm 2 . In particular, in [1] the activity of radioactive cesium in a water solution was found to diminish upon irradiation by a laser beam. The γ-ray activity of the cesium water solution was measured with a time lag before and after irradiation; i.e., during irradiation, the γ-ray spectrum of the solution was not measured with the required spectral and temporal resolutions. The effect was reliably established using a large amount of measurements.
In this communication, we report on the experimental results for the radioactive nuclide 137 Cs irradiated by a laser beam. The γ-ray spectra are continuously measured prior to, in the process of, and upon laser irradiation with the required spectral, temporal, and spatial resolutions under the same experimental conditions with a fixed geometry.
The experimental setup is schematically shown in Fig. 1 . We employ the Nd:YAG pulsed laser with a γ-ray wavelength of 1064 nm, a pulse duration at halfmaximum of 10 ns, a pulse repetition rate of 10 kHz, and an energy of 2 mJ delivered per pulse. Passing through the transparent window of the glass cuvette, the laser beam is focused with an aspherical lens to a gold target placed in the water solution of the 137 Cs cesium chloride with a radioactivity of 330 Bq. The volume of the 137 Cs solution is near 2 mL. The laser beam scans over the target surface to form gold nanoparticles whose concentration in the solution is determined by the irradiation time and the distance between the laser-beam neck and the target surface. As soon as a nanoparticle falls in the laser-beam neck, a surface breakthrough occurs and a plasma discharge starts. The duration of the plasma discharge is similar to that of the laser pulse and amounts to some 10-20 ns. The plasma radiates γ rays with a continuous spectrum. Under our experimental conditions, the irradiation of water solutions causes the water molecules to dissociate to hydrogen and oxygen. The Н 2 О dissociation is induced by the direct impact of plasma electrons arising from the nanoparticle breakthrough [2] .
As the cuvette is cooled by running water, the laser exposure increases the temperature of the solution volume by no more than several degrees. The sensitive element of the γ-ray detector manufactured by Canberra is a crystal of high-purity germanium (HPGe) placed at a distance of several millimeters from the cuvette. The HPGe detector is cooled by liquid nitrogen with no mechanical contact and a relative efficiency of 30%. Since the solution has a much smaller volume than the HPGe crystal, it can be viewed as an almost pointlike source. The 137 Cs nucleus decays either to the barium isomer state 137m Ba or directly to the ground-state nucleus 137 Ba with probabilities of 95 and 5% respectively. The isomer 137m Ba then relaxes to the ground-state 137 Ba through the emission of a 662-keV γ quantum, whereas the 137 Cs direct decay to ground-state barium proceeds without γ-ray emission. The activity of the 137 Cs sample is estimated from the area under the γ-ray peak at 662 keV using a special procedure. The activity is sampled with a once-persecond frequency and logged in the computer memory. The duration of signal accumulation is selected such that the measurement uncertainty does not exceed 0.5%. Towards monitoring the stability of detector operation, we employ the water solution of the cesium isotope 134 Сs not subjected to irradiation and viewed by the same γ-ray detector. The measurement of the 137 Сs activity is monitored by that of the 134 Сs activity based on its 605-keV γ line. The systematic uncertainties of the experiment are minimized by performing all measurements in the same geometry while keeping the active sample in the sample cuvette and by continuously measuring the sample activity prior to, in the process of, and upon irradiation with high temporal, spectral, and spatial resolutions.
PHYSICS OF ELEMENTARY PARTICLES
The sample activity measured prior to, in the process of, and upon laser-beam irradiation is shown in Fig. 2 . The time dependence of the activity prior to switching on the laser is naturally explained by the 137 Cs β decay with a half-life of 30 years and is almost constant over the relatively small observation period. Over the time interval of the irradiation, a new mechanism comes into play induced by the laser-beam interaction with the irradiated medium. The time dependence of the activity upon switching off the laser is analogous to that over the time interval before irradiation.
Qualitatively, these measurements of the activity time dependence are consistent with our previous observations of the laser-beam effect on the 137 Cs solution [1] . The conceptually new result obtained in this analysis is that γ-ray activity does not exceed the initial level over the full time interval, i.e., the reduction of the radioactive-cesium concentration is not accompanied by an excessive radiation of 662-keV γ quanta. This suggests that the 137 Cs dominant decay channel to 137m Ba is not affected by the laser light and that a new mechanism stimulating the β decay is at play.
In the subsequent experimental runs, the 134 Сs solution served as a reference sample and the 137 Сs sample was irradiated by the laser light. The reference sample allows one to monitor the γ-detector operation. The γ-ray spectrum of a mixture of both cesium isotopes is shown in Fig. 3 . The strongest line of the 134 Сs spectrum is the 605-keV peak. However, some experiments employed other γ lines of this isotope as reference signals, since these sit at larger distances from the fluctuating low-energy background than the 605-keV line. The measured activities of the irradiated 137 Сs sample and the reference 134 Сs sample are shown in Fig. 4 . The irradiation is seen to reduce the activity of the 137 Сs sample to a lower level of stability, whereas that of the 134 Сs reference sample at the 605-keV γ line stays stable throughout.
Other γ lines of the 134 Сs sample are also employed by us as reference signals. In a series of experimental runs, one and the same 137 Сs sample was irradiated for several times and the 134 Сs activity at the 795-keV line was simultaneously measured. The activity of the 137 Сs sample reduces upon the first two exposures to the laser light, but remains the same within errors upon the third exposure (see Fig. 5 ). By this time, the solution undergoes significant changes: the size distribution of nanoparticles varies so as to allow their deposition on the cuvette walls. This significantly reduces the intensity of the radiation emitted by the optical-breakthrough plasma.
The measured activity of the solution of a mixture of two cesium isotopes irradiated by laser light is shown in Fig. 6 . The variation of the activity is seen to be different for the two isotopes. 
